A crude acetone/water (50/50) extract of neem leaves (IRAB) was evaluated for activity against the asexual (trophozoites/schizonts) and the sexual (gametocytes) forms of the malarial parasite, Plasmodium falciparum, in vitro. In separate 72 hour cultures of both asexual parasites and mature gametocytes treated with IRAB (0.5 mg/mL), parasite numbers were less than 50% of the numbers in control cultures, which had 8.0% and 8.5% parasitemia, respectively. In cultures containing 2.5 mg/mL, asexual parasites and mature and immature gametocytes were reduced to 0.1%, 0.2%, and 0% parasitemia, respectively. There were no parasites in the cultures containing 5.0 mg/mL. This extract, if found safe, may provide materials for development of new antimalarial drugs that may be useful both in treatment of malaria as well as the control of its transmission through gametocytes.
INTRODUCTION
Recent advances in antimalarial drug development and use, including drug combination therapies, have significantly enhanced survival from malaria. [1] [2] [3] These gains not withstanding, malaria-related morbidity and mortality remain unacceptably high, especially in developing countries. 4 The presence of a gametocyte stage of the parasite against which few antimalarial drugs are effective contributes greatly to overall parasite survival. Gametocyte-infected mosquitoes are the main agents of malaria transmission. 5 It has been shown in several studies that the leaves and seed of the neem tree (Azadirachta indica AJ) possess antimalarial activity. [6] [7] [8] [9] The activity in the leaves can be extracted in several solvents including a mixture of acetone and water, 50/50. 10 The extract of this solvent mixture, called IRAB, was evaluated to determine its effect on the asexual (trophozoites/schizonts) and sexual (gametocyte) forms of Plasmodium falciparum malaria parasites in vitro.
MATERIALS AND METHODS

Extraction
Neem leaves were extracted as previously described using a solvent mixture of acetone and water, 50/50. 10 The extract was concentrated in a Bü chi rotary evaporator. The precipitate was recovered and named IRAB. IRAB was dissolved in DSMO and sterilized by autoclaving. The solution was then diluted with culture medium to obtain desired concentrations of 0.01 to 5.0 mg/mL and to reduce the DMSO concentrations to previously determined nontoxic levels of less than 0.01%.
Malaria parasite cultures and test of effect of IRAB
Trophozoites/Schizonts
The chloroquine-sensitive ITG2F6 clone of falciparum, originally derived from the Brazilian isolate IT, was cultured continuously by the method of Trager and Jensen. 11 Tests were performed in triplicate in 24-well cultured plates (Costar, Cambridge, MA) with cultures starting at 0.5% to 1.0% parasitemia and 1% to 2% hematocrit. Extracts at final concentrations of 0.05, 0.1, 0.5, 1.0, 2.5, and 5.0 mg/mL were added to test cultures in three separate experiments and incubated for 72 hours. Control cultures were incubated in medium containing DMSO at equivalent concentrations to those in the test cultures. Blood films were made for microscopic evaluation of parasitemia at intervals to 72 hours. The effect of the extract was determined by comparing parasitemia between test and control cultures at the end of the incubation period.
Gametocytes
Gametocytes were cultured as previously described using the NF 54 (3D-7) isolate of P. falciparium. Routinely, cultures were maintained at 0.1% to 1.0% gametocytemia (number of gametocytes per 100 erythrocytes) and 3% to 5% hematocrit. Usually, the cultures contained gametocytes at various stages of maturation and were synchronized when required by sorbitol treatment. 12 Extract prepared as described above was diluted with sterile culture medium to obtain desired concentrations.
Test gametocytes were cultured in 24-well culture plates (Costar, Cambridge, MA) for 72 hours in the presence of different concentrations (0.01, 0.1, 1.0, 2.5, and 5.0 mg/mL) of the extracts. Controls were maintained in medium without extract but with an amount of DMSO equivalent to that in corresponding extracttreated cultures. Four separate experiments were performed in triplicate with synchronized maturing (stages 2-4) and mature (stages 5 and above) gametocytes. Blood films were made from the cultures every 24 hours for microscopic evaluation of the gametocyte development and gametocytemia by counting the number of intact gametocytes and erythrocytes in 20 fields under oil. The number of intact gametocytes per 100 erythrocytes (gametocytemia) was then calculated. The effect of the extracts was determined by comparing the gametocytemia between the test and corresponding control cultures.
RESULTS
Effects of IRAB on asexual malaria parasites (Trophozoites/Schizonts)
Development of the P. falciparum malaria parasite in the presence and absence of the extracts was compared after 72 hours. As shown in Figure 1 , all the concentrations of the extract tested caused dose-dependent significant reduction in parasitemia compared with the control (P , 0.01). In the control cultures (without extract), parasitemia rose from an initial 0.5% to a mean of 8.0% in 72 hours. In the presence of the extract (0.05, 0.1, 0.5, 1.0, 2.5, and 5.0 mg/mL), the mean percent parasitemias and percent of control (%) in three experiments were 6. 
Effect of IRAB on sexual malaria parasites (Gametocytes)
Gametocytes (stages 2-4)
Sorbitol treatment was used to concentrate the gametocytes of stages 2 to 4 to a starting gametocytemia percent of 5.5% in all experiments. In the absence of the extract in three different experiments, the mean gametocytemia increased slightly to 6%. In the presence of the extract (0.01, 0.1, 1.0, 2.5, and 5.0 mg/mL), the mean gametocytemia and percent of control (%) were 5.0 (83.3), 4.0 (66.7), 0.5 (8.3), 0 (0.0), and 0 (0.0), respectively. Compared with controls, the decrease in gametocytemia was significant (P , 0.01) and dosedependent at all the extract concentrations tested.
Gametocytes (stages . 4)
Gametocytes of stages 4 and above were concentrated to a starting gametocytemia of 8.5% in three separate experiments. In the absence of the extracts, the gametocytemia remained at 8.5% after 72 hours (Fig. 2) . In the presence of the extract (0.01, 0.1, 1.0, 2.5, and 5.0 mg/mL), the mean gametocytemia was 5.0, 4.0, 2.0, 0.2, 0.0, and 0.0, which represented 58.8%, 47.1%, 23.5%, 2.3%, and 0% of the control, respectively. The differences in gametocytemia between control and extract-treated cultures were significant (P , 0.01) at all the concentrations of the extracts tested. 
DISCUSSION
Autoclaving did not affect the antimalarial activity of IRAB. The neem leaf extract (IRAB) showed strong activity against both sexual and asexual forms of the malaria parasite. It was active at a median inhibition concentration of less than 0.5 mg/mL against the asexual and the sexual forms of malaria parasite P. falciparium. The activity was dose-dependent and resulted in complete elimination of parasite (both asexual and sexual form) from culture in 72 hours at pharmacologically relevant doses less than 5.0 mg/mL. In treated cultures, gametocytes were lysed and disintegrated. Such lysis did not occur in controls. Activities against trophozoites/schizonts and gametocytes had been reported in neem seed extracts previously. 13 In consideration of the strong activity against gametocytes (the form involved in mosquito-based malaria transmission), further studies with IRAB may provide useful insight into structure activity relationships that may facilitate development of effective antigametocyte drugs. Furthermore, earlier studies showed that IRAB is relatively nontoxic in humans and an antiretroviral and broad-spectrum cytoadhesion inhibitor. 14 These properties along with the present findings provide compelling indication for further studies with this neem extract that may lead to the development of new medicines for malaria and other diseases.
